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Alignment of J-and D-band spectra
Figure SI-1: EPR spectra of AMUPol in glycerol/water (a,b) and BTurea in DMSO/water (c,d) at X, D, and J band plotted together with spectra of their corresponding mono-nitroxides. On the D-band spectrometer, the field positions are crosschecked during the field sweep with the 1 H NMR resonance from a water sample located near the actual sample, which allows accurate determination of the g-values. In (b) and (d), D-and J-band spectra are plotted with the g-values on the xaxis. The J-band spectra are aligned with the D-band spectra at .
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Subtracting the mono-nitroxide contributions for BTamide and BTamide-py
Figure SI-2: Illustration showing subtraction of mono-nitroxide contributions to the X, D, and J-band spectra of BTamide (a) and BTamide-py (b) in DMSO/water. We suspected that the features in the D-and J-band spectra marked with * were due to a fraction of one-sided reduced BTamide(-py) present in the samples. This was confirmed by a J-band spectrum (not shown) recorded on a BT-amide-py sample that had been stored at room temperature for several weeks, which showed a marked increase of all features associated with the mono-nitroxide. Before entering the fitting procedure the mono-nitroxide fractions were quantified and subtracted from the BTamide and BTamide-py spectra in an iterative process. First, the simulated TEMPONE(-py) spectra in DMSO/water ( Figure 2 in the main manuscript) were subtracted from the experimental spectra of BTamide(-py) with an estimated fraction . The resulting spectra entered the fitting routine to obtain simulations of BTamide(-py). The sums of the simulated BTamide(-py) and TEMPONE(-py) spectra were compared to the original experimental spectra to optimize . The simulated TEMPONE(-py) spectra were then resubtracted from the experimental spectra with the optimized and the resulting spectra entered the fitting routine again. This procedure was repeated until no changes in were observed. 
